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Abstract
The possibility of existence of hyperons in the recently measured 2M⊙ pulsar PSRJ1614-2230 is
explored using a diverse set of nuclear equations of state calculated within the relativistic mean-
field models. Our results indicate that the nuclear equations of state compatible with heavy-ion
data allow the hyperons to exist in the PSRJ1614-2230 only for significantly larger values for
the meson-hyperon coupling strengths. The maximum mass configurations for these cases contain
sizable hyperon fractions (∼ 60%) and yet masquared their counterpart composed of only nucleonic
matter.
PACS numbers: 21.30.Fe, 21.65.Cd, 26.60.-c
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I. INTRODUCTION
The latest measurement of the Shapiro delay for the millisecond pulsar PSRJ1614-2230
provides reliable lower bound on the maximum mass to be 1.97 ± 0.04M⊙ [1]. This mea-
surement rules out all the equations of state (EOSs) yielding the maximum mass less than
that of the PSRJ1614-2230. Of course, the EOSs for the nucleonic matter can readily yield
the compact stars with masses ∼ 2M⊙. The EOSs with hadron-quark phase transition are
also compatible with the mass measurement of the PSRJ1614-2230, provided, the quarks are
assumed to be strongly interacting and are in colour superconducting phase [2, 3]. However,
at large, the maximum mass of the compact stars are found to be well below 2M⊙ when the
non-nucleonic degrees of freedom like hyperons and kaon condensates are considered [4–9].
One might thus infer in the backdrop of previous calculations that the existence of hyperons
and kaon condensates are unlikely in the PSRJ1614-2230.
Recently, studies involving role of hyperons on the maximum mass of the compact stars
are revisited [10–14]. It is shown that the EOS for the hyperonic matter at higher densi-
ties can be stiffened in several ways within the relativistic mean-field (RMF) models. The
maximum mass for these EOSs are above 2M⊙ indicating the existence of hyperons in the
PSRJ1614-2230. The EOS of the hyperonic matter are stiffened by including the vector-
isoscalar strange φ mesons within the RMF model, in addition to the usual scalar-isoscalar
σ, vector-isoscalar ω and vector-isovector ρ mesons [13]. The φ mesons stiffens the EOS at
densities far beyond the nuclear saturation density. Further, the increase of about 0.2M⊙
in the maximum mass of the compact stars is achieved by varying the hyperon-nucleon po-
tential depths for the Σ and Ξ hyperons which are not very well known. It has been also
demonstrated [15] that maximum mass of the compact stars containing hyperons are well
above 2M⊙, provided, the ω mesons are coupled to hyperons as strongly as to the nucleons.
Such strong meson-hyperon couplings stemmed from the breaking of SU(6) symmetry. An-
other way to stiffen the EOS is to include the non-linear terms for the φ-mesons as suggested
in Ref. [11]. It may be pointed out that the nuclear EOSs employed in Ref. [13, 15] are
generally quite stiff in comparison to those extracted from the heavy-ion data [16–19].
An alternative scenario has also emerged in which compact stars containing hyperons
can have masses ∼ 2M⊙. In this scenario, one assumes the presence of hypothetical weakly
interacting light bosons (WILBs) at densities several times of the nuclear saturation density.
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The role of WILBs on the EOS or the internal structure of the compact stars crucially
depends on the choice of the characteristic scale which is the square of the ratio of the
coupling strength to the masses of WILBs. The values of the characteristic scale of the
WILBs are poorly constrained at present by the laboratory data and the compact star
observable [20–23]. Consequently, the nuclear EOSs compatible with the heavy-ion data
allow the hyperons to exist in the compact stars with mass ∼ 2M⊙ [24]. The required
stiffness of the EOS at very high density is achieved by adjusting the characteristic scale of
the WILBs.
In the present work we explore the possibility of existence of hyperons in the PSRJ1614-
2230 using a diverse set of nuclear EOSs calculated within the RMF models. In particular,
we examine whether the nuclear EOSs compatible with the heavy-ion data can allow the
hyperons to exist in the PSRJ1614-2230 without recourse to the WILBs. This makes our
present investigation quite different than the ones performed earlier. Most of the previous
investigations either employed the nuclear EOSs which are stiffer in comparison to the
heavy-ion data or included the contributions of the WILBs.
The paper is organized as follows. In Sec. II we describe the theoretical framework based
on the RMF model. In Sec. III, we present our results for the EOSs for the matter without
and with hyperons. In Sec. IV we present our results for the bulk properties of the static
compact stars. Finally, we state our conclusions in Sec. V.
II. THEORETICAL FRAME WORK
We use standard and extended versions of the RMFmodels to compute the bulk properties
of the compact stars. The standard RMF model includes the contributions from the non-
linear self-interaction for the σ meson and extended RMF model includes the contributions
from the self and/or cross interaction terms for the σ, ω and ρ meson. We will discuss
both versions of the RMF models. The derivations of the effective Lagrangian density and
corresponding energy density functionals for the extended RMF model are well documented
in Refs. [25–27]. In RMF models, baryons interact through the exchange of scalar (σ), vector
(ω and ρ) as well as two additional hidden-strangeness (σ* and φ) mesons. The baryons
considered in this work are nucleon (N) and hyperons (Λ,Σ,Ξ). The total Lagrangian
density of RMF model including hyperons plus leptons (l) can be written as,
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L = LfreeB + LfreeM + LlinBM + Lnonlin + Lfreel , (1)
where the free baryons Lagrangian density is,
LfreeB =
∑
B=N,Λ,Σ,Ξ
ΨB[iγ
µ∂µ −MB]ΨB, (2)
Here, ΨB is baryons field and the sum is taken over N , Λ, Σ,and Ξ baryons. The Lagrangian
density for free mesons involved is,
LfreeM =
1
2
(∂µσ∂
µσ −m2σσ2) +
1
2
(∂µσ
∗∂µσ∗ −m2σ∗σ∗2)
− 1
4
ωµνω
µν +
1
2
m2ωωµω
µ − 1
4
φµνφ
µν +
1
2
m2φφµφ
µ
− 1
4
ρµνρ
µν +
1
2
m2ρρµρ
µ. (3)
The ωµν , φµν and ρµν are field tensors corresponding to the ω, φ and ρ mesons field, and
can be defined as ωµν = ∂µων − ∂νωµ, φµν = ∂µφν − ∂νφµ and ρµν = ∂µρν − ∂νρµ. The
Lagrangian LlinBM describing the interactions of the baryons through the mesons is,
LlinBM =
∑
B=N,Λ,Σ,Ξ
ΨB[gσBσ + gσ∗Bσ
∗ − γµgωBωµ − 1
2
γµgρBτB · ρµ − γµgφBφµ]ΨB, (4)
where τB are the baryons isospin matrices. The Lagrangian describing nucleons self interac-
tions for σ, ω, and ρ mesons can be written as,
Lnonlin = −κ3gσNm
2
σ
6mN
σ3 − κ4g
2
σNm
2
σ
24m2N
σ4 +
ζ0g
2
ωN
24
(ωµω
µ)2
+
η1gσNm
2
ω
2mN
σωµω
µ +
η2g
2
σNm
2
ω
4m2N
σ2ωµω
µ
+
ηρgσNm
2
ρ
2mB
σρµ · ρµ +
η1ρg
2
σNm
2
ρ
4m2N
σ2ρµ · ρµ +
η2ρg
2
ωNm
2
ρ
4m2N
ωµω
µρµ · ρµ. (5)
While the free leptons Lagrangian density is,
Lfreel =
∑
l=e−,µ−
Ψl[iγ
µ∂µ −Ml]Ψl. (6)
here Ψl is leptons (electron and muon) field.
The meson-nucleon coupling constants and nonlinear parameters of RMF models are
determined by adjusting them to reproduce ground state properties of finite nuclei and
nuclear matter. Here, we employed NL3, GM1, TM1, G2, BSR2, BSR6, BSR9, BSR13 and
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BSP parameter sets for meson-nucleon coupling constants and nonlinear parameters [4, 27–
30]. These parameterizations of the RMF models are associated with different form for the
Lagrangian density. They differ in their non-linear part of the effective Lagrangian (Eq.
5) which are summarized in Table I. For instance, the Lagrangian density associated with
the parameter sets NL3 and GM1 correspond to the standard RMF model which includes
non-linear term only for the self-interactions of the σ meson. Other parameter sets TM1,
G2 and BSR correspond to the extended RMF models which include contributions from the
self-interactions of the ω mesons and/or cross-interactions between σ, ω and ρ mesons.
The meson-hyperon coupling strengths gmH(m = σ, ω, ρ, σ
∗, φ and H = Λ,Σ,Ξ) in Eq.
(4) can not be determined very well at present. The properties of compact stars are quite
sensitive to the choices for the values of gσH ,gωH and gφH . The variations in the values of
gρH and gσ∗H do not appreciably alter the properties of compact stars. The values of gρH
and gσ∗H are kept fixed in our calculations. We take gσ∗H = 0, this choice is consistent with
ΛΛ−hypernuclear data which yields weak ΛΛ interaction [31]. The values of gρH are taken
from the SU(6) quark model. We make several choices for the values of gωH and gφH . One of
which correspond to those obtained within the SU(6) quark model. The SU(6) quark model
values for gωH , gρH and gφH are
1
3
gωN =
1
2
gωΛ =
1
2
gωΣ = gωΞ,
gρN =
1
2
gρΣ = gρΞ, gρΛ = 0,
2gφΛ = 2gφΣ = gφΞ =
2
√
2
3
gωN , gφN = 0. (7)
For given values of gωH the coupling strengths gσH are usually obtained from potential depths
for hyperons in the symmetric nuclear matter at the saturation density as,
U
(N)
H (ρs) = −gσHσ(ρs) + gωHω(ρs). (8)
The values of potential depths U
(N)
H chosen are as follows [32],
U
(N)
Λ = −28 MeV, U (N)Σ = +30 MeV and U (N)Ξ = −18 MeV. (9)
For the sake of convenience we define,
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XωH =


(
gωH
gωN
)
for Λ and Σ hyperons
2
(
gωH
gωN
)
for Ξ hyperons,
(10)
and,
XφH =


(
gφH
gωN
)
for Λ and Σ hyperons
1
2
(
gφH
gωN
)
for Ξ hyperons.
(11)
It has been shown earlier in Ref. [4] that the values of XωH ≈ 1, which are larger
compared to those for the SU(6) model (Eq. 7), can yield heavier compact stars composed
of hyperons without affecting the properties of the Λ−hypernuclei. Recent investigation
[15] suggests that the values of XωH can significantly differ from those given by the SU(6)
quark model. The breaking of the SU(6) symmetry yields XωΛ = XωΣ =
1
2
XωΞ = 1 (i.e.,
gωΛ = gωΣ = gωΞ = gωN) . In the present work we vary the values of XωH and XφH over a
wide range to see in what limits the compact stars with hyperons can satisfy the constraints
on the lower bound on the maximum mass imposed by the PSRJ1614-2230.
III. EQUATIONS OF STATE
We use different versions of the RMF models, as summarized in Table I, to compute the
EOSs for the β-equilibrated nucleonic and hyperonic matters. Our choice for the models are
such that they yield wide variations in the various quantities associated with symmetric and
asymmetric nuclear matter at the saturation density. In Table II we provide the values of
some of the quantities associated with nuclear matter at the saturation density ρs, namely,
the binding energy per nucleons (B/A), incompressibility coefficient for symmetric nuclear
matter (K), symmetry energy coefficient (Esym), linear density dependence of the symmetry
energy coefficient (L) and various quantities (Ksym), (Kasy) and (Ksat2). These quantities
are evaluated as follows,
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Esym(ρ) =
1
2
d2E(ρ, δ)
dδ2
∣∣∣∣
δ=0
, (12)
L = 3ρs
dEsym(ρ)
dρ
∣∣∣∣
ρ=ρs
, (13)
Ksym = 9ρ
2
s
d2Esym(ρ)
dρ2
∣∣∣∣
ρ=ρs
, (14)
(15)
K = 9ρ2s
d2E(ρ, 0)
dρ2
∣∣∣∣
ρ=ρs
, (16)
J = 27ρ3s
d3E(ρ, 0)
dρ3
∣∣∣∣
ρ=ρs
, (17)
Ksat,2 = Kasy − J
K
L, (18)
Kasy = Ksym − 6L. (19)
where, E(ρ, δ) is the energy per nucleon at a given density ρ and asymmetry δ = (ρn−ρp)/ρ.
In Table II, we also list the values of the neutron-skin ∆R for the 208Pb nucleus. The values
of K, Esym and L vary over a wide range for the selected RMF model. This immediately
indicates that the behaviour of the EOSs for the different RMF models considered should
be quite different even at the low densities.
In Fig. 1 we plot the EOSs for symmetric nuclear matter (SNM) in terms of pressure
versus nucleon density obtained for various RMF models. The bounds on the EOSs as
shown by shaded regions are the ones extracted from heavy-ion collision data [19]. The
EOSs for the NL3, GM1, BSR2 and BSR6 are stiffer in comparison to those obtained from
the heavy-ion data. Whereas, the TM1, G2, BSR9, BSR13 and BSP are consistent with the
EOS from the heavy-ion data. The EOS for the BSR2 and BSR6 parameterizations are very
much the same for the reasons as follow. Both of the parameter sets belong to the same
type of the RMF model as can be seen from Table I. Further, the parameters of the BSR2
and BSR6 parameterizations are obtained by fit to exactly same set of experimental data
for bulk properties of finite nuclei, but, for different values of the neutron-skin thickness in
208Pb nucleus. Thus, the BSR2 and BSR6 parameterizations are expected to yield different
behaviour only for the EOSs of the asymmetric nuclear matter. Similar is the case for the
EOSs obtained with the BSR9 and BSR13 parameterizations.
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Our main goal is to investigate whether the nuclear EOSs which are compatible with the
heavy-ion data can allow the hyperons to exist in the 2M⊙ pulsar PSRJ1614-2230. For this
purpose, the EOSs for the β−equilibrated hyperonic matter are calculated using different
values for XωH and XφH . We present here the EOSs only for two different choices for the
XωH and XφH . We refer these choices as XSU6 and X180. For the case of XSU6, XωH =
2
3
and XφH =
√
2
3
which correspond to those given by the SU(6) quark model as conventionally
used. The X180 refers to XωH = 1 and XφH = 0.8. The values of σ −H coupling strength
are determined using the nucleon-hyperon potential depths as described in Sec. II. It can be
easily verified from Eqs. (7, 10 and 11) that the values of XωH and XφH for the case of X180
are augmented by a factor of ∼ 1.5 with respect to their values for the SU(6) model. In
Fig. 2, the EOSs for the nucleonic and hyperonic matters are compared for a few different
RMF models. The EOSs for the nucleonic matter are labeled as ’NO HYP’. The EOSs
for the hyperonic matter are labeled as XSU6 and X180. It can be seen that the EOSs
for the hyperonic matter corresponding to X180 are quite close to those obtained for the
nucleonic matter. It should be pointed out that the threshold density is lowest for the Λ
hyperons for all the RMF models considered irrespective of the choice of the meson-hyperon
coupling strengths. Further, the augmented meson-hyperon coupling strengths results in
marginal increase in the values of the threshold densities for the Λ hyperons. For instance,
the threshold densities for Λ hyperons for the NL3(BSP) parameterizations for the XSU6 and
X180 cases are 0.28(0.38) and 0.32(0.42) fm−3,respectively. Thus, the augmented meson-
hyperon coupling strengths might increases the maximum mass of the compact stars without
significantly affecting its hyperonic contents.
Before employing our EOSs for the hyperonic matter to study the properties of the
compact stars, we would like to look into the behaviour of the Λ−H potentials U (Λ)H . The
values of Λ−H for given meson-hyperon coupling strengths are obtained as,
U
(Λ)
H (ρ) = −gσHσ(ρ) + gωHω(ρ) + gφHφ(ρ) (20)
where, the values of the fields σ, ω and φ are calculated for the pure Λ matter at a given
density ρ. In Fig. 3, we plot the results for the U
(Λ)
H obtained using the meson-hyperon
coupling strengths corresponding to XSU6 and X180. For the comparison, we also plot the
values of U
(Λ)
H obtained for two different models based on the SU(3) symmetry [15, 33]. The
green dashed curve is obtained using Ref. [15] for Z = 0 which yields highest value for the
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maximum mass for the compact star. The values of U
(Λ)
Λ and U
(Λ)
Σ for the case of X180 lie
within those obtained using other models. Whereas, the potential U
(Λ)
Ξ is somewhat stiffer
in comparison to the other models as considered.
IV. COMPACT STARS
The properties of static or non-rotating compact stars for a given EOS is obtained by
solving the Tolman-Oppenheimer-Volkoff (TOV) equations [34]. For the case of rotating
compact stars we solve the Einstein equations for stationary axi-symmetric spacetime. The
numerical computations are performed using the code written by Stergioulas [35]. We de-
scribe the outer crust region of the compact star using the EOS of Ru¨ster et al. [36] which is
the recent update of the one given by Baym, Pethick, and Sutherland [37]. Due to the fact
that the detailed EOS of inner crust indeed is not yet certain, the polytropic pressure-energy
density relation is used to interpolate the EOS for the region between outer crust and the
core [38]. The core is assumed to be composed of either the nucleonic or the hyperonic
matter in β−equilibrium. The EOS of the core is obtained from the different parameter sets
of the RMF models as presented in Sec. III.
In Fig. 4 we display our results for the mass-radius relationships for the static compact
stars composed of β-equilibrated nucleonic matter (upper panel) and hyperonic matter (lower
panel). The shaded region represents the current lower limit on the maximum mass, M =
1.97 ± 0.04M⊙, of the compact star obtained from the recent mass measurement of the
PSRJ1614-2230. The mass-radius relationships for the compact stars containing hyperons
are obtained using standard values for the meson-hyperon coupling strengths as discussed
in the previous section. It is evident from the upper panel that the maximum masses of the
compact star in the absence of hyperons for all the RMF models considered are compatible
with the current limit on its lower bound. The solid circles in the lower panel indicate the
minimum mass of the compact star at which the hyperons begin to appear. This minimum
mass ranges from 1.2− 1.5M⊙ for the various RMF models considered. The parameter sets
NL3, GM1, BSR2 and BSR6 yield maximum mass larger than 2M⊙ when the hyperons are
included. Thus, these parameter sets readily allow the hyperons to appear in the PSRJ1614-
2230. The nuclear EOSs, however, for these cases are not compatible with the heavy-ion data
(see Fig. 1). On the other hand, the nuclear EOSs for the parameter sets BSR9, BSR13,
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BSP, G2 and TM1 are compatible with the heavy-ion data, but, they yield the maximum
mass in the range of 1.7− 1.9M⊙ with the inclusion of hyperons. It seems that the nuclear
EOSs, compatible with heavy-ion data, can possibly allow the hyperons to exist in the
PSRJ1614-2230 for substantially larger values of the meson-hyperon coupling strengths in
comparison to their standard values.
In Fig. 5 we show the mass-radius relationships for the compact stars obtained by aug-
menting the meson-hyperon coupling strengths in comparison to their standard values. As
discussed previously, the label X180 corresponds to XωH = 1 and XφH = 0.8 which is larger
by a factor of ∼ 1.5 with respect to their slandered values taken from the SU(6) quark
model. We plot the results only for those RMF model for which the nuclear EOSs are com-
patible with the heavy-ion data. We find that the maximum masses for the TM1 and BSP
parameter sets are consistent with the mass of the PSRJ1614-2230. It may be pointed out
to this end that the radius R1.4 for the compact star with canonical mass of 1.4M⊙ for the
BSP case is 12.7 km which is consistent with R1.4 = 10.4 − 12.9 km as determined from
the recent observations of both transiently accreting and bursting sources [39]. The values
of R1.4 determined in Ref. [39] are independent of assumptions about the composition of
the core. We also look into the hyperon fractions at the maximum mass. In Table III we
present our results for the maximum mass configurations obtained for two different choices
of meson-hyperon coupling strengths corresponding to XSU6 and X180. These results are
compared with their nuclear counterparts having no hyperons. We also list the values of
the partial mass MHYPmax which is composed of the hyperonic matter. The values of M
HYP
max
are obtained by integrating the density profile, corresponding to the maximum mass con-
figuration, from the central density to the threshold density at which hyperons begin to
appear. It is interesting to note that the ratio MHYPmax /Mmax is sizable and almost the same
for both the choices of the meson-hyperon coupling strengths. The maximum mass obtained
using augmented meson-hyperon coupling strengths are very close to their nuclear counter
parts and yet significant fraction (∼ 60%) of the mass is composed of the hyperonic matter.
Further, the radius Rmax at the maximum mass for the case with no hyperons and the one
obtained using augmented meson-hyperon coupling strengths are almost the same. Thus, it
seems possible to obtain the maximum mass configuration of the compact star, containing
sizable fraction of hyperons, which masquareds its nuclear counterpart. The maximum mass
of the compact stars with hyperons nearly same as their nuclear counterpart has also been
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found in Ref. [15, 33]
In Fig. 6 we plot the variations of Mmax with XωH and XφH for the case of BSP. The
value of Mmax increases with increasing XωH and XφH . The Mmax depends strongly on XωH
for smaller values of XφH . As the XφH increases, the value of Mmax tends to saturate and
becomes more or less independent of XωH . For XφH = 1, the Mmax increases by 0.1M⊙
with increase in XωH from 0.5 to 1. Also, the Mmax is less dependent on XφH for larger
XωH . To this end, we would like to remind that the Σ − N potential depth U (N)Σ is taken
to be 30 MeV. The value of U
(N)
Σ is not yet certain. In Fig. 7, we compare our results for
the Mmax obtained for U
(N)
Σ = −30 and 30 MeV. The value of Mmax depends somewhat on
U
(N)
Σ for smaller values of XΩH . For XΩH = 0.5, the Mmax may increases by ∼ 0.1M⊙ with
increase in U
(N)
Σ from -30 to 30 MeV. We also calculate the maximum mass of the compact
stars rotating with the frequency ν = 317 Hz as that of the PSRJ1614-2230. In Fig. 8, we
display the variations for the Mmax with XωH and XφH . It can be easily seen that the value
of XωH = 1 with XφH = 0.65 is sufficient to produce the compact star with mass compatible
with the current lower bound on the Mmax.
V. CONCLUSIONS
We use various RMF models to explore the possibility of existence of hyperons in the
heaviest observed compact star PSRJ1614-2230 having mass M = 1.97± 0.04M⊙. We have
examined the conditions required for the hyperons to exist in the PSRJ1614-2230 when
the nuclear EOSs are subjected to the constrained imposed by the the heavy-ion data.
The various RMF models are selected in such a way that they result in a diverse set of
nuclear EOSs. The values of maximum mass for these models, in the absence of hyperons,
are consistent with the mass of PSRJ1614-2230. The nuclear EOSs which are consistent
with the heavy-ion data require larger values of the meson-hyperon coupling strengths in
order to allow the hyperons to exist in the PSRJ1614-2230. Particularly, the coupling of
ω and φ vector mesons to the hyperons are required to be significantly augmented with
respect to their standard values. These lager values of the coupling strengths increases the
maximum mass to the desired limit without significantly affecting the fraction of maximum
mass composed of hyperonic matter. We find that the maximum mass configuration of the
compact star with sizable fraction of hyperons masquareds its nuclear counterpart.
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TABLE I: Various self-interaction and cross-interaction terms included in the Lagrangian density
associated with different parameterizations of the RMF models considered in the present work.
The index ’1’ and ’0’ is used to indicate whether or not the corresponding term is included.
Parameter Self-interaction Cross-interaction Ref.
σ ω ρ σ−ω σ−ρ ω−ρ
BSP 1 0 0 1 0 1 [40]
BSR13 1 1 0 1 1 1 [29, 30]
BSR9 1 1 0 1 1 1 [29, 30]
BSR6 1 0 0 1 1 1 [29, 30]
BSR2 1 0 0 1 1 1 [29, 30]
G2 1 1 0 1 1 0 [27]
TM1 1 1 0 0 0 0 [41]
GM1 1 0 0 0 0 0 [4]
NL3 1 0 0 0 0 0 [28]
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TABLE II: Some bulk properties of the nuclear matter at the saturation density (ρs): binding en-
ergy per nucleon (B/A), incompressibility coefficient for symmetric nuclear matter (K), symmetry
energy (Esym(ρs)), linear density dependence of the symmetry energy (L) and various quantities
(Ksym), (Kasy) and (Ksat2) as given by Eqs. (16-18). The values for the neutron-skin thickness
∆R for the 208Pb nucleus are also listed. The values of ρs are in fm
−3, ∆R in fm and all the other
quantities are in MeV.
Parameter ∆R B/A ρs K Esym(ρs) L Ksym Kasy Ksat2
BSP 0.15 15.9 0.149 230 28.83 50 9 -290 -218
BSR13 0.26 16.1 0.147 229 35.6 91 -40 -585 -466
BSR9 0.18 16.1 0.147 233 31.6 64 -12 -396 -313
BSR6 0.26 16.1 0.149 236 35.4 86 -48 -562 -557
BSR2 0.18 16.0 0.149 240 31.4 62 -4 -376 -363
G2 0.26 16.1 0.153 215 36.4 100 -7 -611 -404
GM1 0.23 16.3 0.153 300 32.5 94 18 -545 -466
TM1 0.27 16.3 0.145 281 36.8 111 34 -632 -518
NL3 0.28 16.3 0.148 272 37.4 118 100 -608 -700
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TABLE III: The values of central density ρc (in fm
−3), radius Rmax (in km) at the maximum mass
Mmax (in M⊙) for the cases with no hyperons and with hyperons. The quantity MHYPmax represents
the partial mass composed of the hyperonic matter. The label XSU6 denotes the standard values
for the meson-hyperon coupling strengths. The label X180 represents augmented values of the
meson-hyperon coupling strengths.
Parameter NO HYP XSU6 X180
ρc Rmax Mmax ρc Rmax Mmax M
HYP
max
MHYPmax
Mmax
ρc Rmax Mmax M
HYP
max
MHYPmax
Mmax
BSP 1.04 10.91 2.00 1.12 10.83 1.73 1.14 0.66 1.08 10.98 1.96 1.29 0.66
BSR13 0.98 11.66 1.93 1.06 11.53 1.7 1.11 0.65 1.09 11.81 1.89 1.25 0.66
BSR9 1.00 11.36 1.92 1.07 11.26 1.7 1.07 0.63 1.02 11.44 1.88 1.16 0.60
BSR6 0.82 12.12 2.40 0.92 11.91 2.06 1.46 0.71 0.86 12.16 2.34 1.61 0.68
BSR2 0.85 11.84 2.35 0.94 11.65 2.03 1.4 0.69 0.87 11.94 2.29 1.48 0.64
G2 1.07 11.29 1.93 1.16 11.19 1.66 1.10 0.66 1.08 11.36 1.87 1.23 0.65
GM1 0.86 11.86 2.33 0.92 11.89 2.02 1.32 0.65 0.88 12.05 2.25 1.37 0.60
TM1 0.85 12.39 2.15 0.90 12.38 1.87 1.16 0.62 0.85 12.58 2.10 1.24 0.59
NL3 0.67 13.19 2.74 0.76 12.83 2.32 1.62 0.70 0.69 13.35 2.65 1.73 0.65
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FIG. 1: (Color online) Pressure as a function of nucleon density for the symmetric nuclear matter.
The shaded area represents the EOS extracted from the analysis of Ref. [19]. The density is scaled
by ρ0 = 0.16 fm
−3.
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FIG. 2: (Color online) The EOSs in terms of pressure versus density for few RMF models. The
curves labeled ’NO HYP’ correspond to the EOSs for the nucleonic matter. The EOSs for the
hyperonic matter for two different choices for the meson-hyperon coupling strengths are labeled by
XSU6 and X180 (see text for detail).
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FIG. 3: (Color online) The Λ−H potentials U (Λ)H as a function of density for the meson-hyperon
coupling strengths corresponding to XSU6 and X180. For the comparison, the values of U
(Λ)
H
obtained from SU(3) models [15, 33] are also plotted.
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FIG. 4: (Color online) Plots for the mass-radius relationships for the equilibrium sequences of
static compact stars obtained using various EOSs for RMF models. The results with no hyperons
are depicted in the upper panel and those with hyperons in the lower panel. The label XSU6 in the
lower panel represents that the hyperons are included using standard values for the meson-hyperon
coupling strengths. The curves on the left of the solid circles represent the equilibrium sequences
for the compact stars with core composed of the hyperonic matter.20
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FIG. 5: (Color online) The mass-radius relationships for the static compact stars obtained for the
values of the meson-hyperon coupling strengths corresponding to X180. The curves on the left of
the solid circles represent the sequences for the compact stars with core composed of the hyperonic
matter.
21
0.5 0.6 0.7 0.8 0.9 1
X
ωH
1.25
1.5
1.75
2
M
m
ax
 
(M
O
)
0.0
0.25
0.5
0.75
1.0
XφH
BSP
PSRJ1614-2230
FIG. 6: (Color online) The dependence of the maximum mass Mmax for the static compact stars
on the values of meson-hyperon coupling strengths XωH and XφH (Eqs. (10) and (11)) for the case
of BSP.
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FIG. 7: (Color online) Similar to Fig. 6. But, the values of Mmax obtained for U
(N)
Σ = 30 MeV
(solid line) are compared with those for U
(N)
Σ = -30 MeV (dashed line).
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FIG. 8: (Color online) Similar to Fig. 6. But, for the compact stars rotating with the frequency
of 317 Hz, same as that of the PSRJ1614-2230.
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